
PROGRESS 
REPORT 
0 

NASA Contract 5-2797 
SSD 2537R 

.I 

0 ~6 (ACCESSION 6 -  NUMBER) 83 450 ITHRUI 

- (CODE1 

f 
OL 

(CATEGORY) 



HUGHES AIRCRAFT COMPANY 
A E R O S P A C E  G R O U P  

SPACE SYSTEMS DIVISION 

CULVER CITY. CALIFORNIA 

15 November 1962 

SUBJECT: Advanced Syncom Monthly P r o g r e s s  Report  
for  October  1962 

TO: M r .  Alton E .  Jones 
P r o g r a m  Manager ,  Syncom 
Goddard Space Flight Center 
Code 621 
Greenbelt ,  Maryland 

Attached are  copies of the Advanced Syncom Monthly P r o g r e s s  
Repor t  fo r  October 1962. 

The first 4-kmc developmental traveling-wave tube was tes ted  
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m e a s u r e m e n t s  of a 16-element a r r a y  of 4-kmc ver t ica l ly  polar ized 
t ransmit t ing elements  indicate that the a r r a y  gain will near ly  achieve 
the 18 db predicted analytically.  

Static pa t te rn  

P rocuremen t  act ion was initiated fo r  the hot gas  control s y s t e m  
through the issuance of a reques t  for proposal  to ten b idders .  
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1 .  INTRODUCTION 

Under NASA Goddard Space Flight Center Contract  NAS-5-2797, 
Hughes Aircraf t  Company is conducting feasibil i ty s tudies  and advanced 
technological development for  a n  advanced, s ta t ionary,  active r epea te r ,  
communication satel l i te .  

An Initial P ro jec t  Development P lan ,  submitted to Goddard on 15 
August 1962, reported the init ial  s y s t e m  feasibil i ty s tudies  and delineated 
technical approaches,  the adminis t ra t ive plan, manpower requi rements ,  
schedule,  and funding considerations appropriate  for  accomplishing the 
NASA contract  objectives.  

These  monthly technical le t te r  r epor t s  present  the technical p r o g r e s s  
made  during the reporting per iod,  the c r i t i ca l  p roblems o r  delays encoun- 
t e r ed ,  and the plans for  the forthcoming reporting per iod.  

Separa te  r epor t s  of schedule s ta tus  a r e  provided through biweekly 
PERT repor t s .  
s t a tus .  

Monthly financial management r epor t s  provide the funding 
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2. SYSTEM DESIGN STUDY 

Coordination with Lenkur t  E lec t r i c  C o . ,  I n c . ,  was initiated to 
provide detailed spacecraf t  design requi rements  for  inclusion in the spec i -  
fications of the two ground station components under study by Lenkurt .  
Additional s tudies  w e r e  completed in  the s y s t e m s  reliabil i ty design and 
analysis  p r o g r a m .  
component types employed in the design of Syncom 11. 

Effort  was continued to minimize  the number of different 

COMMUNICATION SYSTEM 

On 5 October 1962, a technical conference w a s  conducted with 
par t ic ipat ion by representa t ives  of Goddard Space Flight Center ,  Lenkur t  
E lec t r i c  C o . ,  I n c . ,  and Hughes Aircraf t  Company to provide detailed 
information exchanges regarding the design of the communication s y s t e m  
and the t radeoffs  which can be made  between the p a r a m e t e r s  of the ground 
communicat ion station equipment and those of the spacecraf t .  

Confirmation and ag reemen t  w a s  obtained regarding the s y s t e m  
computation techniques employed by Hughes,  Lenkurt ,  and Goddard. The 
discussions conf i rmed the suitability of the t ransponder  R F  bandwidth of 
25 m c .  
a ground t r ansmi t t e r  power output of 2 kw for  sys t em computations p e r -  
taining to the F M  frequency translation model  of transponder operation. 
The computations for  the mult iple-access  mode will continue to employ a 
ground t r ansmi t t e r  peak power capability of 10 kw and an  average  power 
output of 1. 5 kw. 

Subsequent computations by the participating organizations will use  

The s y s t e m  c a r r i e r  frequency a s s ignmen t s  w e r e  revised as shown 
in Table 2-1.  

The bandwidth of 25 m c  available for  each of the signals was not 
Identical c a r r i e r  frequencies a r e  used in  both modes of the changed. 

t ransponder  dual-mode t ransponder ,  but only a 5 -mc  bandwidth i s  needed 
for  the ground-to- spacecraf t  link of the mul t ip le -access  mode.  
to the above communication c a r r i e r s ,  the spacecraf t  will radiate  an  unmodu- 
la ted beacon a t  4080 m c .  

In addition 

2 -  1 



TABLE 2- I. CARRIER FREQUENCY ASSIGNMENTS (MEGACYCLES) 

T r a n  s p  onde r 

1 

2 

Ground - Spacecraf t  

F r o m  To F r o m  To 

6271 ' j 6271.4 1 4050 4051.4 

Spacecraf t  - Ground 

6210 I 6212. 1 3 999 3552 .1  

3 6330 6330. 7 

4 I 6390.0 

41 10 

4170 

4110. 7 

4170.0 

The  conclusion was  reached  that if each  ground station equipment 
complement includes the capability f o r  t ransmit t ing a crystal-control led 
pilot tone,  the requi rement  for  a m a s t e r  control ground station m a y  be 
reduced to that of only providing channel ass ignment  and tabulation of 
channel usage. 

The  sys tem frequency s tabi l i ty  requi rements  w e r e  d iscussed  and all 
The sys t em s h o r t - t e r m  sta- equipment allocations w e r e  nea r ly  reso lved .  

bility requi rement  is 6 cps ,  t e rmina l  to  te rmina l ,  and the long- t e rm s t a -  
bil i ty requi rement  is 2 cps ,  t e rmina l  to  t e r m i n a l .  

The  spacecraf t  allocations,  o r  permiss ib le  contributions,  a r e  4 c p s ,  
rms, over  a measu red  interval  t o  be fur ther  defined (but i n  the a r e a  of 300 
mill iseconds) and a long- te rm stabi l i ty  of one p a r t  i n  l o 7  f o r  24-hour 
per iods .  Final  resolution of the s tabi l i ty  allocations will  be completed 
during fu r the r  Hughes -Lenkurt  coordination. 

The  sys tem design of the mul t ip le -access  mode will  u se  spacecraf t  
t ransponder  single sideband to  phase modulation conversion of t e s t  tones a t  
a modulation index of 0 .  25. 

INTERFACES 

Te leme t rv ,  Tracking.. and Command 

On 8 October 1962, a conference was  held at Goddard to  d iscuss  the 
Advanced Syncom te lemet ry  and command requ i r emen t s  and to de te rmine  
the bes t  approach to meeting the r equ i r emen t  with one of the Goddard 
t e l eme t ry  and command s tandard  s y s t e m s .  

P re l imina ry  s tudies  indicate that a P F M  te l eme t ry  s y s t e m  and a n  
OGO-type command sys t em will s a t i s f y  the Syncom I1 requ i r emen t  while 
maintaining compatibility with NASA ground equipment.  
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Revision of the pre l iminary  design discussion contained in  the 1 5  
August 1962 Initial P ro jec t  Development P lan  is in  p rocess  and will be 
finalized a f te r  fur ther  coordination with Goddard. 

Launch Vehicle Interface 

The phased -a r r ay  t r ansmi t t e r  antenna s t ack  has  been shortened and  
resu l t s  in  a reduction of the antenna protrusion beyond the in te rs tage  s t ruc -  
t u r e  that a t taches to the Agena D. A 2-foot-diameter r e c e s s  is provided i n  
the top of the Agena vehicle to c l ea r  the antenna (F igu re  2-1). 
antenna now extends 2. 5 inches into this r e c e s s .  

The receiving 

SYSTEM RELIABILITY 

The s y s t e m  reliabil i ty studies have been d i rec ted  toward two m a j o r  
tasks  during this reporting period: 
and 2) special  s y s t e m  reliabil i ty analyses .  
a s s u r a n c e  p r o g r a m  was  fur ther  defined. 

1) spacecraf t  subsys t em design ana lyses ,  
The Advanced Syncom reliabil i ty 

Design Analyses  

The genera l  upgrading of the spacecraf t  reliabil i ty es t imate  presented  
in  the September  Monthly P r o g r e s s  Report, based  upon an accura te  pa r t s  
count and application study for  each  subsys tem as the designs mature ,  is in  
p r o c e s s .  Specific emphas i s  has  been placed upon incorporating accura te  
component data fo r  the t ransmit t ing antenna. control e lectronics  into the 
rel iabi l i ty  computer  p r o g r a m  to determine the effect upon spacecraf t  r e l i a -  
bility. The reliabil i ty es t imates  for  this unit p resented  in  previous r epor t s  
have been  based  upon reliabil i ty objectives r a the r  than e s t ima tes .  
the control ler  employs digital computer techniques,  fur ther  analysis  of 
acceptable  fa i lure  r a t e  data incorporating the selectivity and high derating 
cha rac t e r i s t i c s  of the components i s  being pe r fo rmed .  This effort  will be  
completed during the November reporting per iod and the result ing r ees t i -  
ma ted  unit and s y s t e m  reliabil i ty levels will be reported.  

Since 

In addition, s eve ra l  possible so la r  - e l ec t r i c  panel configurations 
which incorporate  n-p  ra ther  than p-n so la r  cel ls  a r e  being examined. 
Recommendat ions f o r  a new power supply configuration based  upon power 
requi rements ,  reliabil i ty,  and cost  will be made.  Fa i lu re  modes will be 
de t e rmined  along with the number of acceptable so l a r  panel s t r ing  fa i lures  
such  that  the design will ensu re  that adequate power will be available to the 
subsys t ems  during the l ifetime of the spacecraf t  communicat ions.  
e s t ima tes  have been based  upon extrapolations of the Syncom I p -n  a r r a y  
development.  The development of an improved power supply mathemat ica l  
mode l  will pe rmi t  a m o r e  accura te  es t imate  of the power supply reliabil i ty 
function. 

Previous  

The launch sequence analysis d i scussed  in the September  Monthly 
P r o g r e s s  Report  has  been programmed,  data acquired,  and evaluation of 
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the resu l t s  initiated. 
having survived launch, the probability of surviving the orb i ta l  per iod will  
be presented in subsequent r e p o r t s .  

The probability of the spacecraf t  surviving launch and, 

Sys t e m  Analyses 

An evaluation of the genera l  reliabil i ty fxcctioii , R(t ) ,  has  been 
initiated to de te rmine  mathematical  models  f o r  the following sys t em p a r a m -  
e t e r s :  launch r a t e  t o  es tabl ish the ini t ia l  sys t em;  deployment t ime ;  rep lace-  
ment  c r i t e r i a ;  t ime availabil i ty for  a single spacecraf t ;  and t ime availabil i ty 
for  a three-  sa te l l i t e  synchronous equator ia l  sys t em.  Briefly,  the launch 
r a t e  c r i t e r i a  will be defined by the r a t e  of growth of the s y s t e m  complex 
and the number of spacecraf t  (channels) which become inoperative during 
the deployment per iod.  The deployment t ime requi red  to  ini t ia te  a s y s t e m  
m a y  be readily determined f r o m  this function and a knowledge of the number  
of spacecraf t  launched. Replacement c r i t e r i a  will be der ived  in  accordance 
with two basic assumpt ions :  1 )  there  is a minimum number  of channels p e r  
spacecraf t  acceptable to complete a successfu l  miss ion ,  and 2) there  is  a 
mathematical  model which accurately r ep resen t s  the sys t em reliabil i ty 
function, Rs( t ) .  The t ime  availability o r  up-t ime r a t io  is  s imply the p e r -  
centage of t ime i n  a continuum of operating t ime  that it is expected the 
spacecraf t  o r  sys t em will be in  a n  operable  s t a t e .  
definition of these relationships incorporating the spacecraf t  reliabil i ty 
function is expected to yield a n  accura te  es t imate  of opt imum p a r a m e t e r s  
which a r e  too vi ta l  to  maximum communications fo r  a minimum cos t .  

Thus ,  the mathemat ica l  

Reliability Assurance  

Definitions of the reliabil i ty a s su rance  t a s k s  including fur ther  
evaluation of Syncom I p a r t s  fa i lure  information,  and the subsys tem relia- 
bil i ty p rogram plan f o r  the Syncom I1 flight ha rdware  p r o g r a m  w e r e  
expanded . 

Syncom I fa i lure  data which a r e  avai lable  on both a "failure c a r d ' '  
bas i s  and a "running t ime"  log shee t  a r e  receiving additional evaluation. 
Additional data accumulated f r o m  other  Hughes space  p r o g r a m s  a r e  a l s o  
being reviewed fo r  possible application to  Syncom 11. Information f r o m  
these sources ,  par t icu lar ly  as  r ega rds  i t e m s  experiencing multiple f a i l u r e s  
which a r e  under consideration fo r  application in  Syncom 11, w e r e  p repa red  
for  use by the des igners  and  pro jec t  management  i n  improving the SyncomII  
designs.  

P a r t s  specifications a r e  cur ren t ly  being reviewed to ensu re  adequacy 
of reliabil i ty,  quality control,  and testing r equ i r emen t s .  

Requests for  subcontractor  bids on the hot g a s  react ion j e t  sys t em 
p repa red  and dis t r ibuted during October include the following i t ems  pe r  - 
taining to reliability: 

2 - 4  



m 
I 

N 

I 

I 
I 

-1 --T- 
-_ ___ 1 

I 1 
r- 

I 

I 

I 
I 

----j r- 



1) A complete reliabllity analysis d i  the proposed design, conducted 
to i l lus t ra te  compliance with the reliabil i ty objeLtive s ta ted in 
the equipment specifications.  

2) A fo rma l  reliabil i ty p rogram plan including milestones for  
scheduled and documented design reviews and engineering 
analysis  of significant t e s t  p r o g r a m s .  

3 )  Submittal of p rocedures  and methods for conducting design 
reviews with provisions for Hughes participation. 

4) A thorough fai lure  reporting and corr’ective action feedback 
sys t em.  

The cu r ren t  reliabil i ty a s su rance  effort  can be s u m m a r i z e d  as 
follows: 

Evaluation of Svncom I ExDerience 

1) Isolate high-fai lure-rate  i t ems  and review their  c i rcu i t  
applications.  

2 )  Make recommendat ions to c o r r e c t  reliabil i ty deficiencies 
revealed by evaluation of Syncom I. 

3 )  Conduct other s tudies  as required.  

Reliabil i ty Control (IPDP) 

1) In te rpre t  reliabil i ty objectives and establ ish t e s t  requi rements  
fo r  each design a r e a .  

2 )  Review reliabil i ty es t imates  for  units o r  proposed design and 
compare  with reliabil i ty requi rements  to es tabl ish design 
adequacy. 

3 )  Propose  a l te rna te  circuit  configurations for  possible reliabil i ty 
improvement .  

4) Extend Syncom I p a r t s  control p r o g r a m  a s  applicable.  

5) Review and approve par t  specifications.  

6 )  Isolate c r i t i ca l  components for  which spec ia l  reliabil i ty effort  
will be required.  

7) Establ i sh  c r i t i ca l  component t e s t  plan 



S ab contra c to r Requi r erne nt s and  Evaluation 

Establ ish reliabil i ty p r o g r a m  requi rements  subject to pro jec t  
approval ,  

Par t ic ipa te  in  proposed evaluation. 

Par t ic ipa te  in surveys .  

P r e p a r e  Reliability Assurance  Followon P r o g r a m  

Contribute to the Syncom I1 reliabil i ty p r o g r a m  plan for the 
follow-on phase.  

Establ ish Syncom I1 data acquisit ion requi rements .  

Tai lor  existing Syncom I fai lure  reporting and  feedback s y s t e m  
to Syncom I1 p r o g r a m .  Revise  reporting f o r m s  and p rocedures  
a s  necessa ry .  

P r e p a r e  design review documents in  accordance  with establ ished 
procedures .  

Extend init ial  Syncom I1 p a r t s  control p r o g r a m s .  

COMPONENTS AND MATERIALS 

A tabulation of pa r t s  cur ren t ly  recommended for  Syncom I1 c i rcu i t  
applications has  been p r e p a r e d  to a id  des igners  in selecting the p r e f e r r e d  
types of pa r t s .  
pa r t s  identifications and specifications with equivalent vendor  p a r t s  identi-  
fications. The tabulation grea t ly  reduces  the r equ i r emen t  for  detailed 
reviews of p a r t s  specifications and encourages  a reduction in the total 
number of different p a r t s  employed.  

The l ist ing provides  a c ros s - index  which co r re l a t e s  Hughes 

Syncom I drawings a r e  being examined to define p a r t s ,  m a t e r i a l s ,  
o r  processes  considered acceptable for  Syncom I but not p r e f e r r e d  for  
Syncom 11. 

Syncom I1 environmental  conditions have been studied to provide 
bases  for subsequent determinat ions of l o n g - t e r m  behavior of p a r t s  and  
ma te r i a l s  which a r e  c r i t i ca l  to spacecraf t  re l iabi l i ty .  
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3 .  ADVANCED TECHNOLOGY DEVELOPMENT 

DUAL- MODE TRANSPONDER 

P h a s e  Modulator 

Assembly  of a unit configuration breadboard phase modulator  was  
completed with the exception of fabrication and installation of the hybrid 
t r ans fo rmer .  The phase modulator  is employed in the mult iple-access  
t ransponder  to convert, without demodulation, the received band of single - 
sideband signals to  a low deviation phase-modulated signal a t  32. 5 mc. 
The 32. 5 - m c  signal is subsequently multiplied up in frequency to produce 
a wide -deviation phase-modulated 4-kmc signal which is amplified fo r  
t r ansmiss ion  by the traveling-wave tube. 

21 1 9 - m c  Isolator  

The 21 19 -mc  isolator  has  been sealed f r o m  the three-por t  c i rculator  
u sed  a s  a n  i so la tor  in  Syncom I. 
osc i l la tor  channel of the mult iple-access  transponder.  
the in te r ior  configuration of the circulator.  
a load t o  a b s o r b  reflected energy. 

The 2119-mc isolator  is used in the local 
F igure  3-1 shows 

The top por t  i s  terminated with 

Output R F  Power  Switch 

The output R F  power switch selects  one of two redundant traveling- 
wave tubes in  the t ransponder  and connects it to the output multiplexer.  

A three-por t  c i rculator  i s  being adapted to th i s  application by 
controll ing the direction of magnet ic  field and hence the direction of c i rcu-  
lation. A cur ren t  is applied to the coil which 
s e t s  up a magnet ic  field in the garnet inside the circulator.  
c u r r e n t  can then be removed. 
total  l o s s  due to misma tch  and insertion loss  is expected to be l e s s  than 
0. 2 db. 

F igure  3-2 shows the relay. 
The external  

Figure 3-3 shows the r e l ay  being tested. The 
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F i g u r e  3 -  1. 2 11 9.4-mc I s o l a t o r  F i g u r e  3 - 2 .  Newly Des igned  R F  
Coax ia l  P o w e r  Relay  f o r  M a r k  I1 

Antenna Conf igura t ion  f o r  
Se lec t ion  of Redundant  
T rave l ing -  Wave Tube  

Modified f r o m  M a r k  I f o r  M a r k  I1 

1 

I 

F i g u r e  3 - 3 .  R F  Coax ia l  P o w e r  Switch Being  T e s t e d  
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TRAVELING-WAVE TUBE 
(F igures  3-4, 3-5, and 3-6) 

During this period, t h ree  developmental 384H tubes w e r e  assembled  
to the prepackaging stage. Of the three ,  No. 384H-1 was  tes ted;  due to a n  
a s sembly  e r r o r ,  No. 384H-2 w a s  discarded; and No. 384H-3 will be tes ted  
during the init ial  portion of the next report  period. 

Resul ts  of t e s t s  conducted on No. 384H-1 w e r e  quite sa t i s fac tory  a s  
experimental  data w e r e  close to predicted values. Hence,  only m i n o r  
engineering modifications should be necessary  to  obtain final pa rame te r s .  
The tube exhibited excellent collector depression and the efficiency was  
over  31 percent. The  tube was  stable under shor t -c i rcu i t  conditions. 
Also, beam focusing and perveance observed during the t e s t s  indicated that 
the new e lec t ron  gun was  properly designed. Power  output and beam voltage 
a t  the des i r ed  frequency, 4. 0 gc, were  slightly low. A minor  change in the 
helix pitch should move the opt imum per formance  frequency c lose r  to  4. 0 gc 
and sufficiently r a i s e  the beam voltage to  obtain the des i r ed  developmental  
tube power output of 2. 5 watts. 

The magnet ic  focusing field provided by the platinum cobalt magnets  
was found to be g r e a t e r  than the required value and investigation is 
cur ren t ly  under way to determine the possibility of using Alnico VI11 magnets  
in place of the expensive platinum cobalt magnets .  
i t  will lower the production cost  of the tubes. 

If this  can be achieved, 

A modification of the magnet  stack on tube No. 384H-1 was  initiated. 
However,  during this  operation a n  open condition in  the R F  coupler devel-  
oped and the tube is now awaiting repair .  

P r e a s s e m b l y  work has  commenced on seve ra l  tubes which will have 
the new helix pitch. 
a s s e m b l e d  to the prepackaging stage, tes ted,  and possibly packaged during 
November.  

It i s  expected that s eve ra l  of these tubes will be 

PHASED- ARRAY TRANSMITTING ANTENNA 

A r r a v  DeveloDment, Horizontal  Polarization 

The cloverleaf  antenna design was  modified to increase  the coupling 
and improve  the pattern.  The f i r s t  par t s ,  manufactured with c lose r  
t o l e rances  than those previously measu red ,  a r e  being assembled.  

A r r a y  Development, Vertical  Polarization 

The breadboard  16-element  ver t ica l ly  polarized a r r a y  a t  4 kmc  was  
completely a s s e m b l e d  except for  the f iberg lass  sleeves.  The individual 
e l emen t s  w e r e  matched  by means  of a quar te r -wave  matching section 
located just  below the lowest gap. 
f o r  the init ial  t es t s .  

The resul tant  bandwidth was  adequate 
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(The  

F i g u r e  

384H f o r  

3-4. A s s e m b l e d  314H Travel ing-Wave Tube f o r  Syncom 

Syncom Mark  11 wil l  be ident ica l  in  e x t e r i o r  a p p e a r a n c e  

RETAINING 
f 

F i g u r e  

h 

-5. E l e c t r o n  Gun Components  

t 

Mark  I 

to  the 314H) 

F i g u r e  3-6 .  Syncom Trave l ing -Wave  Tube  Helix A s s e m b l y  

(Component p a r t s ,  a s s e m b l e d  he l ix ,  and s t a c k  of p la t inum 
cobalt  m a g n e t s  that  e n c i r c l e  he l ix  when tube is a s s e m b l e d )  
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A t e s t  jig was  constructed using a 3-db power sp l i t t e r ,  two eight-way 
power sp l i t t e r s ,  and coaxial  cab les  cut to specific lengths t o  provide element  
excitation in  the p rope r  phasing, connected t o  the antenna. 
shows the antenna in  the t e s t  f ixture ,  while F igu re  3-8 shows the equipment 
used  in  making the pa t te rn  measu remen t s .  
with th i s  setup i s  shown in F i g u r e  3 -9  along with the computed pattern.  

F i g u r e  3 -7  

A plot of the pa t te rn  m e a s u r e d  

R F  Circu i t s  

F e r r i t e s  

A number  of t e s t  f ix tures  have been fabr ica ted  to  faci l i ta te  matching 
of t r ans i t i ons  f r o m  a rectangular  waveguide to the c i r cu la r  waveguide used  
in  the phase shif ter .  With the a i d  of these f ixtures ,  a matching sect ion h a s  
been m a d e  to  ma tch  the f e r r i t e  to  the Stycast  K3 d ie lec t r ic  that  f i l ls  the 
r e m a i n d e r  of the c i r c u l a r  waveguide. A good match  h a s  been obtained over  
the band. Del ivery of the remaining f e r r i t e s  h a s  been delayed because of a 
f i r e  a t  the vendor ' s  facility. 
p e r m i t  a s s e m b l y  of the a r r a y  and phase sh i f t e r s  during November h a s  been 
promised .  

Delivery of adequate f e r r i t e  cy l inders  to 

Input Couplers 

The input couplers  have been completed and tested.  
shows one of the couplers.  The input connector i s  a type TNC. 
able  probe  and shor t  opposite the input probe is used  for  matching. 
m e a s u r e d  input VSWR over  a 5 percent  band w a s  l e s s  than 1.1,  m e a s u r e d  
through a type N to  TNC tape red  transit ion.  
F i lohm Mica (50  o h m s / s q u a r e )  i s  located in the coupler a t  90 d e g r e e s  to  
the input probe,  to  a b s o r b  any ref lected power that is c ross -polar ized .  The 
VSWR into the c i r c u l a r  waveguide for  t h i s  polar izat ion w a s  l e s s  than 1. 1 
ove r  m o s t  of the band, r is ing to 1. 3 a t  one end. The d i e l ec t r i c  m a t e r i a l  
in the guide is Stycast  K3. 

F i g u r e  3-10 
An adjust-  

The 

A thin r e s i s t o r ,  made  of 

F ie ld  Coils 

A shipment of eight of the phase shif ter  field co i l s  h a s  been 
rece ived  f r o m  the manufac turer ,  Skorka- Langdon. 

Power Divider 

The ground planes and s t r ip- l ine  f o r  the eight-way R F  power divider  
have been rece ived  and a r e  being assembled.  
photoetched s t r ip- l ine  c i rcu i t ,  consisting of seven hybrid rings. The input 
i s  a t  the right s ide,  with the eight outputs located symmet r i ca l ly  around the 
c i rcumference .  The unused a r m s  of the hybr ids  will be te rmina ted  a t  the 
ground plane. 
Type TNC connectors  will be used,  to match the input couplers  descr ibed  
above. 

F igu re  3-11 shows the 

F igu re  3-1 2 shows the two ground planes assembled.  
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F i g u r e  3 - 7 .  4-kmc P h a s e d -  
A r r a y  Antenna in T e s t  
F i x t u r e  fo r  Measur ing  
Sta t ic  Beam P a t t e r n s  
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F i g u r e  3-8. T e s t  Se tup  f o r  Measur ing  S ta t i c  B e a m  
P a t t e r n  of 4-kmc P h a s e d - A r r a y  Antenna 
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F i g u r e  3-9. 4-kmc P h a s e d - A r r a y  
Antenna Pattern 

Fig t l rc  3-1  0. F e r r i t e  P h a s e  Sh i f t e r  
Input Coupler  
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F i g u r e  3-1 1. S t r ip l ine  Pho toe tched  C i r c u i t  
P a t t e r n  of P h a s e d - A r r a y  Antenna 

P o w e r  Div ide r  

F i g u r e  3- 12. S t r ip l ine  P o w e r  Divider  f o r  P h a s e d -  
A r r a y  Antenna Sys t em,  Comple t e  Unit 
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All-StriD- Line C i r c u i t  

Work h a s  begun on an  a l l - s t r ip- l ine  vers ion  of the antenna R F  
sys t em,  replacing a l l  coaxial  cables  and connectors .  The m a j o r  a r e a s  
under  study a r e  the waveguide probe to s t r ip- l ine  t ransi t ion,  and ver t ical  
t rans i t ions  f r o m  one s t r ip- l ine  c i rcu i t  to one above o r  below it. 

Control Elec t ronics  

Analog Elec t ronics  

A new c i rcu i t  approach to the waveform-generating c i r cu i t s  which 
occur  a f te r  the signal sp l i t t e r  h a s  resu l ted  in a considerable  reduct ion in  
complexity and in improved reliability. The basic  waveforms which m u s t  
be generated to dr ive  each  of the eight f e r r i t e  phase sh i f t e r s  a r e  of the 
f o r m s  

r -l 

cos  J/ cos  max t t 77 (22. 5 deg rees ) ]  

s in  9 cos  [ ( u t  t e)  t 7 (22. 5 degrees) ]  m a x  

is 2 7 ,  8 is the angle between where  w i s  the spin r a t e  of the satel l i te ,  

the sun-spacecraf t  and spacec ra f t - ea r th  l ines ,  and 7 depends on the 
pa r t i cu la r  phase shif ter .  The digital  control  c i r cu i t s  have ( d t  t e )  s to red  
in a digital r eg i s t e r .  
binary voltage weighter  and then shaped by a diode shaping network to  
produce E(t)  = E cos  ( a t  t 8). The new c i r cu i t s  a r e  a n  extension of this  

technique, consisting of a diode-control led ampl i f i e r  which h a s  a n  input- 
output voltage t r a n s f e r  with a t r iangular  waveform shape,  followed by a 
diode shaping network. The resu l tan t  output is of the f o r m  cos  CE (t)] and 
hence of the f o r m  cos [Eo cos  ( u t  t 0)  . 

+max 

Th i s  is f i r s t  converted to a t r iangular  wave by a 

0 

The s ine t e r m  is gene ra t ed  
s imi la r ly .  1 

The final power ampl i f ie r  design h a s  been completed. 

Digital Control  E lec t ron ic s  

The block d iagram and logic equat ions fo r  the spacecraf t  timing 
re ference  and control  signal generat ing c i r c u i t r y  have been finalized and 
completed. 
r epor t  period. 
the digital  e lectronics .  
fu r the r  completed; the remainder  a r e  in  des ign  phase.  
design of the c a r d s  will be completed before  mid-November.  

F ina l  c i rcu i t  design was 9 0  percen t  complete  a t  the end of the 
About 45 flat  c a r d s  of 25 types  will be n e c e s s a r y  to package 

Twenty of t hese  25 types  a r e  in f i r s t  d raf t ,  o r  
P r e l i m i n a r y  product 

A l l  long lead t ime  components w e r e  o r d e r e d  and fabricat ion of the 
engineering model will be init iated in  the e a r l y  p a r t  of the next r epor t  period. 
Chass i s  wiring design of a c a r d  t e s t e r  i s  80  pe rcen t  complete .  
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The digital control e lec t ronics  c i r cu i t s  a r e  l i s ted  below: 

I Standard flip-flop 

Standard inve r t e r  

Amplifier 

Standard AND ga te s  

Tuning - fo r k  o scillato r 

F o r k  output ampl i f ie r  

Low-frequency clock fl ip-flop 

Exclusive Nor 

Standard one - shot 

Multiple- se t  gate 

Init ial  conditions gate 

Add / subt rac t  ampl i f ie r  

In te r  s tage gate backward/forward counter 

Amplifier - pulse  shape r 

Backward / forward  counte r flip-flop 

Slow voltage turn-on 

Ant ino i s e bia s buff e r 

Frequency  counter  r e s e t  gate  

Sine wave inve r t e r  

Backwardfforward wave switches 

Diode function genera tor  

Sine wa\-e  ladder  

P h a s e  lock loop ladder  

S ine icos ine  wave amplif ier  



25) Voltage-controlled osc i l la tor  

26) Auxil iary power supply -8, t 8  volts 

27) Auxiliary power suppl ies  - 3, t 1 , t 13. 4 volts  

28) Auxil iary power suppl ies  -8, t 8  volts 

2 9 )  Auxiliary power supply t 23 vol ts  

30) Auxil iary power supply t6, t5, - 6  vol ts  

31) Function A gate 

CO LINEAR-ARRAY RECEIVING ANTENNA 

Gain and  pa t te rn  calculations were  completed f o r  a t ape red  d i s t r i -  
bution four -e lement  l inear  a r r a y  with a one-wavelength in te re lement  
spacing. A l s o ,  calculat ions w e r e  made  f o r  0. 9 spacing. The best  com-  
p r o m i s e  between beam width and gain a p p e a r s  to  be 0. 9 
fo r  th i s  spacing a r e  shown in F igu re  3-1 3. With a 0. 45, 1. 0, 1. 0 ,  0. 45 
t aper ,  a beam width of 17. 4 deg rees  i s  rea l izable  with a gain of a l m o s t  
8. 0 db. 

spacing. Resul t s  

One method of improving the impedance broad-banding problem is 
to overcouple the elements .  However, calculat ions have shown that  f o r  
uniform distribution and one-wavelength spacing, beam shift a s  a function 
of frequency is worse  f o r  overcoupled e l emen t s  than f o r  the c a s e  of e l emen t s  
coupled to  give a matched input. 
that  the element impedance h a s  not changed with frequency. 
th i s  assumption will  be checked when impedance m e a s u r e m e n t s  on var ious  
element  configurations a r e  made. 
the beam shift was  approximately 1 deg ree ,  twice that  of the matched case .  

These  r e s u l t s  a r e  based on the assumption 
The validity of 

F o r  a n  overcoupling rat io  of 2: l  in power,  

P r e l i m i n a r y  calculat ions on the above t ape red  dis t r ibut ion have 
shown that f o r  a 2-percent  frequency change, the beam width changes by 
only 0. 2 degree and the gain d r o p s  by less  than 0. 1 db. These  numbers  
a r e  based on proper ly  coupled e l emen t s  and on a nonchanging element  
impedance. 

Since the tapered  i l lumination f o r  the uniformly spaced  a r r a y  
mentioned above sa t i s f ies  the s y s t e m  requ i r emen t s ,  the nonuniformly 
spaced approach will not be pursued. 

A fixture f o r  obtaining pa t te rn  and  impedance data on the radiating 
element has  been designed and i s  now being fabr ica ted .  
p a r a m e t e r s  of the e lements ,  the p rope r  s e r i e s  r e s i s t ance  will be obtained 
to sat isfy the requi rements  of the t ape red  i l lumination mentioned above. 

By adjusting the 
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STRUCTURE 

S t ruc tu ra l  Design and Analysis 

Mater ia l  investigations have been completed on the m a j o r  sub- 
a s sembl i e s  of the s t ruc ture .  
a luminum and magnes ium bliilt-up sect ions w e r e  evaluated for  the th rus t  
tube design. The built-up aluminum sect ion w a s  se lec ted  because it i s  
approximately 5. 5 pounds l ighter  and  i s  s t i f fer  than the o t h r r  sect ions.  
The se lec ted  configuration i s  made  up of two machined r i n g s  ( forward  and 
af t ) ,  a n  aluminum sheetmetal  tube, and 1 2  machined s t i f feners .  

Aluminum and magnes ium cas t ings  and 

Aluminum and magnesium plates  w e r e  inL-estigatcd f o r  the bulkhead 
Since a minimum prac t ica l  machining thickness  i s  adequate s t i f fener  ribs.  

f o r  e i ther  ma te r i a l ,  magnes ium was  selected because of  the weight 
advantage. 

The t r u s s e s  supporting thc sun s e n s o r s  and control j e t s  will be made  
of aluminum tubing because i t s  s t i f fness  pe r  pound i s  g r e a t e r  than m a g -  
nesium. 
f i r m ,  and bath detail and a s sembly  drawings havcl been initiated. 

The drs ign of the forward  subassembly  ( tubular  t ru s swork )  i s  now 

The m a t e r i a l  select ion of o ther  s t ruc tu ra l  components will probably 
have l i t t le effect on the overa l l  s t i f fnes s  of the LIehicle. It i s  es t imated  that 
the s t ruc tu ra l  Wright will be approximately 125 pounds o r  nea r ly  10 percent 
of the planned total  weight injected by the Atlas-Agena. 
additional 250 pounds of injected weight can be accommodated  with l i t t le o r  
no inc rt>ii st’ in s t ruc tu ra l  weight. 

However,  a n  

Axially symmetr ica l  vibration s tudies  of p r e s s u r i z e d  she l l s ,  which 
includc fuel tanks in addition to  the apogee motor ,  a r e  near ly  completed. 
An apogee motor  f requency requirement  and recommended qualification 
tcs t  vibration leve ls  w e r e  included in the apogee moto r  specif icat ions.  

A technical conference w a s  conducted a t  Genera l  Dynamics - 

The p rogram 
Con\ a i r ,  San Diego, to de te rmine  the applicabili ty of t he i r  vibration ana lys i s  
digital computer  p r o g r a m  t o  Syncom-type s t r u c t u r e s .  
appea r s  capable of adequately represent ing the spacec ra f t  in  a vibrat ion 
analysis .  A portion of the p rogram manuals  have been received and a r e  
being rcL.iewed by dynamics personnel.  

The detail drawings of the long lead  t ime i t e m s  a r e  essent ia l ly  
complcted and ready f o r  r e l e a s e  to  fabr icat ion.  
cen te r  subassemblies  have been completed and a r e  now being checked 
p r i o r  to  re lease .  

Drawings of the aft and 
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Design Integration 

Genera l  Arrangement  

The spacecraf t  s t r u c t u r e  sepa ra t e s  into three  subassembl ies :  
forward ,  cen te r ,  and af t .  

The af t  subassembly (F igu re  3-14) is composed of a 30-inch-diameter  
fabr ica ted  cent ra l  t h rus t  tube, with a V-clamp separa t ion  flange a t  the af t  
end, and a flange for  mounting the 30-inch-diameter  sphe r i ca l  apogee motor  
a t  the forward  end. 
12  rad ia l  r i b s  a t tached to the per iphery  of the thrus t  tube.  
c a r r y  the load of the eight bipropellant control  s y s t e m  fuel and oxidizer  
tanks,  and  the four e lec t ronic  quandrant packages.  

The eight traveling-wave tubes (and the i r  a s soc ia t ed  power suppl ies)  

A bulkhead a t  the apogee motor  flange is supported by 
These  r ib s  

and the four  pa i red  t e l eme t ry  t r a n s m i t t e r s  a r e  a t tached to the faces  of 
these  r ad ia l  r ibs .  The antenna e lec t ronics  package, composed of a flat 
cyl indrical  housing (containing the f e r r i t e  phase sh i f te r  s ,  power sp l i t t e r ,  
mul t ip lexers ,  r ece ive r  m i x e r s  and preampl i f ie rs ,  and  supporting the t r a n s -  
m i t t e r  antenna a r r a y  and the r ece ive r  antenna) i s  suspended within the a f t  
end of the th rus t  tube.  
t h rus t  tube.  

It is a t tached to the ends of the s t r i n g e r s  inside the 

Joining the a f t  s t r u c t u r a l  subassembly  to the forward  subassembly 
a r e  12 flanged flat  panel m e m b e r s ,  to which the eight p r e s s u r e  tanks are  
at tached in p a i r s  fo r  instal la t ion into the s t r u c t u r e .  A thin shee tmeta l  
cyl inder  is at tached inboard to the forward and a f t  bulkheads and to the 
1 2  tank panels .  

A segmented me ta l  cylinder is  a t tached outboard in the s a m e  manner  
Four  of the segments  over  the fuel and oxidizer  tanks as the inne r  cyl inder .  

a r e  permanent ly  a t tached to f o r m  four double torque-boxes to provide 
to r s iona l  r igidity.  
a r e  removable  to provide a c c e s s  to  the e lec t ronics  packages .  
nutation dampers ,  the two velocity control rocke ts ,  and the s torage  ba t t e r i e s  
a r e  a t tached  to  the tank panels .  

The other  four segments  over  the electronic  packages 
The two 

The forward  s t r u c t u r e  cons is t s  of a tubular t r u s s w o r k  f r a m e  
a t tached  to the fo rward  bulkhead. This s t ruc tu re  c o m p r i s e s  eight A- f r ame  
t r u s s e s  with the i r  bases  a t tached,  through the bulkhead, to the tank panels .  

Two j e t s  that  can  be swiveled combine the functions of spin-speed 
cont ro l ,  a t t i tude control ,  and  orb i ta l  inclination cont ro l .  The j e t s  a r e  
suppor ted  by two opposite t r u s s e s ,  which a l so  c a r r y  two of the four V-beam 
sun s e n s o r s .  
four  whip antennas a r e  mounted on the in te rmedia te  t r u s s e s .  
p rovided  on the t r u s s e s  to support  the forward  eight s o l a r  pane ls .  

Two o ther  t r u s s e s  support  the o ther  two sun s e n s o r s .  The 
Pods  a r e  

The cyl indrical  su r f ace  of the spacec ra f t  cons is t s  of a plast ic  and 
a luminum honeycomb s t r u c t u r e ,  57 inches in d i ame te r  and 50 inches long, 
divided into 16 panels,  and covered  on the outside with s i l icon s o l a r  ce l l  
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modules.  
f r a m e  s t ruc tu ra l  loads,  each  panel is mounted f r o m  a single cen te r  point 
with a n  integral ly  stiffened r igid s t ruc tu re  of r i b s  radiating f r o m  the cen t r a l  
mounting point. 

To e l imina te  the possibil i ty of the s o l a r  panels  ca r ry ing  space-  

The two ends of the spacecraf t  a r e  c losed  by t h e r m a l  radiat ion 
b a r r i e r s .  The b a r r i e r  a t  the aft end h a s  an additional function of acting a s  
a ground plane for  the t ransponder  antenna. 
obtained by the use  of var iable  emiss iv i ty  devices  which a r e  a t tached to the 
r i b s  a t  the aft end of the spacecraf t .  

Additional t h e r m a l  control  is 

A fu l l - sca le  wood and plast ic  mockup of the spacecraf t  is  near ing  
completion ( F i g u r e  3-15). 

Weight Summarv  

Curren t  weight data fo r  the sol id-propel lant  configuration i s  
summar ized  in  Table 3-1. 
condition is shown in Table  3-2. 

A detailed weight s ta tement  through final orb i t  

Weight changes f r o m  those l a s t  r epor t ed  have o c c u r r e d  as  follows: 

Power supply - Addition of so l a r  panel s t i f feners  (3. 5 pounds) 

Miscellaneous - Inc reased  allowable dynamic balance weight 
requi red  by 3 .  0 pounds 

S t ruc ture  - Inc reased  weight allowed for  e lec t ronic  package 
suppor ts  ( 1 .  1 pounds) 

Weight of t h rus t  tube i n c r e a s e d  due to calculat ion 
e r r o r  (7.  0 pounds) 

At  p re sen t  a rev iew is being made  to de t e rmine  a final weight for  
A redes ign  of the 

F u r t h e r  investigation 

the r ibs  (to which the t h e r m a l  switches a r e  a t tached) .  
var iab le  emiss iv i ty  device is being cons idered  as an a l t e rna te  solution to a 
change of r ib  m a t e r i a l  f r o m  magnesium to  aluminum. 
w i l l  be conducted by t h e r m a l  control  ana lys t s  and design spec ia l i s t s .  

THERMAL, D E S I G N  

Effort i s  continuing on coordination with spacec ra f t  design to e n s u r e  
achicvemcnt of t he rma l  control and to e s t ab l i sh  the r equ i r emen t s  for  
testing the rma l  control  su r f ace  coatings. 
semiac t ive  t empera tu re  control devices .  

Investigation is  being m a d e  of 
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a )  View Looking Aft 

b) F o r w a r d  Q u a r t e r  View 

C )  View Looking Forward  

F i g u r e  3-15. Mockup S t r u c t u r e  

3-17  

d )  Side View 



TABLE 3-1.  SYNCOM I1 ESTIMATED WEIGHT STATUS 
Sol id-Propel lant  Configuration 

Subs y s t  e m  

Elec t ronics  

Wire h a r n e s s  

Power supply 

Controls  

P r opul s ion 

S t ruc ture  

Miscellaneous 

Weight;:’ 

t 3 * 5  

t 8 .  1 

t 3 .  0 

F ina l  Orbi t  Condition 

N pressur iza t ion  2 

N 2 H 3 - C H 3  fuel 

N 0 oxidizer  2 4  

Total  at  apogee burnout 

Apogee motor  propellant 

Total  payload a t  separa t ion  

Weight, pounds 

130. 0 

19. 9 

1 0 2 . 6  

38. 6 
75. 1 

123. 6 

19. 1 

Weight, 
pounds 

(508.  9 )  
3. 2 

55. 6 

92. 4 

(660.  1 )  

622. 5 

( 1  289. 3 )  

z -Z  

23. 5 

23. 5 

24. 5 

I Z - z  

45. 3 

62. 4 

74. 6 

0 ::: :;: 

0. 255 

0. 0 3 9  

0. 202 

0. 0 7 6  

0 . 1 4 8  

0. 243 

0. 037  

I X - x  

36. 5 

45. 1 

57. 4 

R I P  

1. 24 

1. 39 

1. 30 

;::bW = change in subsystem weight s ince l a s t  repor t .  
.,., .:--:.@ = ra t io  of subsystem weight to f inal  o rb i t  condition weight. 
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TABLE 3-2. SYNCOM I1 DETAIL WEIGHT STATEMENT 
Solid-Propel lant  Configuration 

~ 

Subsystem 

E lec t ron ic s  Subsystem 

E lec t ron ic s  quadrant,  1 
E lec t ron ic s  quadrant ,  2 
E lec t ron ic s  quadrant ,  3 
Elec t ron ic s  quadrant,  4 
Te leme t ry  t r a n s m i t t e r  
Te leme t ry  t r a n s m i t t e r  
Te leme t ry  t r a n s m i t t e r  
Te leme t ry  t r a n s m i t t e r  
Travel ing -wave tube and conver te r  
Travel ing-wave tube and converter  
Traveling-wave tube and conver te r  
Travel ing-wave tube and conver te r  

Antenna As  sembl ie  s 

Antenna e l ec t ron ic s  and support  

Wire h a r n e s s  

Wire  h a r n e s s  
Wire  h a r n e s s  

Power  supply 

Stiffener so l a r  panels 
Solar  panels 
Ba t t e ry  package 1 
Bat te ry  package 2 
Ba t t e ry  package 3 
Bat te ry  package 4 

Control  subsvs tem 

F u e l  and oxidizer  tank 
F u e l  and oxidizer  tank 
F u e l  and oxidizer  tank 
F u e l  and oxidizer  tank 
Thrus t  chamber  
T h r u s t  chamber  
Thrus t  chamber  
Thrus t  chamber  
Miscel laneous 
Miscel laneous 
Miscel laneous 
Miscel laneous 
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Weight, 
pounds 

20. 00 
20. 00 
20. 00 
20.00 

1. 00 
1. 00 
1. 00 
1. 00 
4. 00 
4 .00  
4. 00 
4. 00 

30. 00 

9. 95 
9. 95 

8. 00 
42. 80 
12.95 
12.95 
12.95 
12.95 

3. 25 
3. 25 
3. 25 
3 .  25 
1. 80 
1. 80 
1. 30 
1. 30 
2. 80 
2. 80 
2. 80 
2. 80 

Weight, 
pounds 

3. 50 



TABLE 3 - 2 (continued) 

I 
Subsystem 

Control subsystem (cont)  

F i l l  and vent valve 
Fi l l  and vent valve 
Lines and fi t t ings 
Lines and fi t t ings 
Spin control a s  sembly 
Spin control  a s sembly  
Spin control  assembly  
Spin control  a s sembly  

1 Propuls ion subsystem 

Apogee moto r  installation 

Structure  subsystem 

Inner ring 
Outer ring 
Panel  mounting 
Support antenna e le  c t ronic  s 
Panel  attachment 
St i f fener  th rus t  tube 
Aft ring 
Bulkhead aft 
Ribs 
Ribs 
Ribs 
Ribs 
Ribs 
Ribs 
Thrus t  tube 
Rul k he a d f o r w a r d 
Support e lec t ronics  package 
Tee 
T r u s s  a s sembly  
Bat tery support  
Hardware and misce l laneous  

I 
6 7 6  
677 t 684 
679 
6 8 2 t  6 8 3  
685  t 688 
68 6 
68  7 
689 
690 
6 9  0 
6 9 2  
6 9 2  
6 9  2 
69 2 
6 94 
71 2 
7 1 4 t 7 1 5  
7 1 3  

M i s c e 11 an  e ou s and ba la  n c e sub s y s t e m  

Paint  
Thermal  swi tch  
Nutation damper  
Mi s c e 1 1 an  e ou s 
Dynamic balance 

t 

Weight, 
pounds 

0. 60 
0 ,  60 
1. 00 
1. 00 
1. 25 
1. 25 
1. 25 
1. 25 

7 5 . 1 0  

5. 60  
8. 00 

24. 00 
1. 20 
1. 30 
4. 8 0  
4. 30  
3. 40 
2. 6 0  
2. 60  
2. 9 0  
2. 9 0  
2. 9 0  
2. 9 0  

28. 5 0  
3. 80 
2. 20 
3. 00 
9. 50 
3. 30 
3. 90 

3. 00 
4. 5 0  
2. 00 
4. 6 0  
5. 00 

A W eight, 
pounds 

- 0 . 8 0  

7. 00  

1 . 1 0  

0. 8 0  

3. 00 

I 
I 

I 
i 

I 
I 
I 
I 
I 
I 
I 
I 
I 

3-  20 



HANDLIXG WEIGHT AND BALANCING EQUIPMENT 

P r e l i m i n a r y  investigations leading to  the es tab l i shment  of handling 
p rocedures  and equipment requi rements  a r e  being conducted. 
r equ i r emen t s  f o r  the following i t ems  have been establ ished:  

Definite 

Assembly c a r t  

Vehicle lift f ixture  

Motor lift f ixture 

Static t e s t  f ixture 

Dynamic t e s t  f ixture  

Motor support  stand 

Motor ro l lover  equipment 

Spin f ixture  

HOT GAS REACTION J E T  CONTROL SYSTEM 

Per fo rmance  Specifications 

Pe r fo rmance  specifications were  completed and included in  a 
reques t  f o r  proposal  for  a bipropellant rocket  react ion control  sys tem.  
The reques t  for proposal  w a s  i ssued  to the  following potential vendors:  
Aerojet  -Genera l  Corporation; Bell Aerosys t ems  Company; Walter Kidde 
Company; Marquadt Corporation; Minneapolis-Honeywell Regulator  
Company; Rocketdyne Division of North Amer ican  Aviation, Inc. : Space 
Technology Labora to r i e s  Inc. : Tapco Division of Thompson-Ramo- 
Wooldridge, Inc. ; Thiokol Chemical Corporat ion;  Wright Aeronaut ical  
Di\- i s ion of Cur t i s  s - W right. 

P r o p o s a l s  a r e  to be submitted t o  Hughes fo r  evaluation by 
1 9  No\.ember 1962. 
physical  r equ i r emen t s  i s  included in Appendix A. 

A synopsis  of the specification performance and 

Spin-Speed Control Mechanism 

The two spin-  speed control  mechanisms (F igu re  3- 1 6  
the October  r epor t  ha\-e received fu r the r  examination. Vane 
deflection feasibi l i ty  s tudies  a r e  essent ia l ly  complete;  the r o  
scheme  i s  still  undergoing e\  aluation. 

d i scussed  in 
th rus t  
ating je t  
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HELICAL 
SPRING - 

EXTENDED POSITION Ttl-- 

I 
a )  Vane thrus t  deflection 

Figure 3-16. 

'RACTED POSITION 

STRUCTURE 

w 
b)  Rotating je t  

Two Spin-Speed Control Mechanisms 
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Analyses  indicate that the vane sp in-speed  control  device will be able 
to deflect  the requi red  amount of th rus t  with modera te ly  s ized vanes.  
Severa l  t e s t s  will  be requi red  of the device: 1 )  testing of the mechanism 
on a centrifuge to  ver i fy  mechanical  cha rac t e r i s t i c s ;  2) t h rus t  deflection 
ver i f icat ion testing; and 3) heat t r a n s f e r  tes t s .  Ca re  mus t  be exe rc i sed  
with the th rus t  deflection measu remen t s  t o  ensu re  maintainence of p rope r  
space environment  during t e s t ;  the  chamber  must  be l a rge  enough to 
ensu re  tha t  ref lect ions off the s ides  do not r e tu rn  t o  the vane, and p r e s s u r e s  
mus t  be maintained below a designated value. Heat t r a n s f e r  f r o m  the vane 
t o  the c rank  mus t  be r e s t r i c t e d  to  prevent welding of the crank to the guide 
in which i t  t rave ls .  
Conical sec t ions  a r e  used  t o  connect the vane and a r m  to provide a l a rge  
radiating sur face  and sma l l  conduction su r faces  fo r  the heat. 

F igu re  3-17 i l lus t ra tes  one method of achieving this. 

The rotating jet mechan i sm is being analyzed to de te rmine  i f  a 
potential stabil i ty problem ex i s t s  with the mechanism since the re  i s  no 
inherent  damping involved. 
c lose to a multiple o r  submultiple of the spin speed, the inherent  jet  
misa l ignment  torque could excite a large amplitude osci l la t ion of the jet 
by causing enforcement  of the oscil lation with each j e t  pulse. 
r e su l t  in  a loss of spin-speed control a s  well a s  the possibil i ty of incurr ing 
damage t o  the jet  by forceful  contact against  the * 8  d e g r e e s  t r ave l  stop. 

If the na tura l  f requency of the mechanism i s  

This  would 

T h e r e  i s  no s tabi l i ty  problem assoc ia ted  with the vane th rus t  
deflection mechanism since it opera tes  in "bang-bang' '  fashion. 
vane i s  in position next to the jet, the j e t  force  a c t s  on the vane a t  right 
angles  t o  i t s  direct ion of t ravel .  Vibrations of the je t  a r e  absorbed  by a 
guide in  which the vane t rave ls .  

When the 

One method of ideally avoiding this  osci l la t ion buildup with the 
rotat ing je t  i s  t o  tune the response  of the mechanism in such a way that 
each  d is turbance  torque causes  a n  oscil lation in  a r e v e r s e  phase to the 
prev ious  dis turbance oscil lation, thus causing exac t  cancellation of the 
osci l la t ion eve ry  second je t  pulse. This  optimum relat ionship between 
the nominal  spin ra te  per iod,  Ts,  and the des i r ed  per iod of the mechanism,  
Tm,  is  

Tm-- 1 
1 

n t -  2 

- 
T s  

w h e r e  n i s  any in teger  0, 1, 2, . . . . A reasonable  s i ze  f o r  the mechan-  
i s m  r e s t r i c t s  n to about 3. 
second the per iod of the mechanism i s  0. 171 second o r  a na tura l  frequency 
of 5 .83  cps. 
of the osci l la t ion and instabil i ty of the mechanism.  This  cor responds  to a 
change in the f requency  rat io  of only 14 percent .  Investigation of to le rances  
in machining the propellant tubing (which c o m p r i s e s  the res t ra in ing  spr ing 
f o r  the mechan i sm)  and deviation i n  the  spin r a t e  f r o m  nominal (caused  

Thus,  f o r  a nominal spin r a t e  per iod of 0. 6 

A change in  n to 2. 5 o r  3. 5 would cause  phase reenforcement  

3 - 2 3  



VANE MOTION 

Figure  3-17. Means of Reducing Heat  T rans fe r  to 
Crank  of Vane Mechanism 
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pr imar i ly  by biasing of the j e t  f roni  a position para l le l  to the spin axis and 
initial Agena spin-up e r r o r )  indicates that the variation in  the frequency 
rat io  f r o m  the ideal could be a s  much as  14 percent .  Therefore ,  design of 
the rotating je t  should be made  assuming that the wors t  case of amplitude 
r e enf o r c ement  prevai ls  . 

The effect of je t  oscil lations l e s s  than maximum travel  i s  to cause a 
bias for  the spin correct ion torque. The l a r g e s t  bias would resu l t  for  the 
case  of oscil lation reenforcement  when the je t  on-t ime corresponds to the 
width of one-half period of the je t  oscillation ( s e e  Figure 3-18) .  F o r  n = 3 
this  relationship a lmost  exactly prevai ls .  The average  value of one-half a 
s ine wave i s  0 .  636 of the maximum.  
degree ,  the l a rges t  bias f r o m  the nominal je t  position would then be 0 .  636 
degree .  Ful l  j e t  t rave l  is 8. 1 deg rees ;  therefore ,  the oscillation causes  a 
bias  of 0 . 6 3 6 / 8 . 1  x 100 = 7 .  85 percent  of the spin-speed control range .  
a f 25 r p m  control range the bias corresponds to about f 2 r p m .  The bias 
is reduced proportionally with the reduction in  the maximum permiss ib le  
oscil lation amplitude.  

F o r  an  amplitude oscil lation o f f  1 

F o r  

A brief analog computer  study was pe r fo rmed  to determine thena ture  
of the je t  oscil lation and the damping required to r e s t r i c t  the maximum 
amplitude to 1 degree  for the maximum expected misal ignment  torque.  F igure  
3-19a i s  the response  of the undamped je t  to a s tep  input. F igure  3-19b is 
the j e t  response  for  the case  of oscil lation cancelling (mechanism frequency = 
3 .  5 t imes  spin ra te )  by consecutive thrus t  pu lses .  Figure 3-19c is the j e t  
response  fo r  oscil lation reenforcement  (mechanism frequency = 3 . 0  t imes  
spin r a t e ) .  
c r i t i ca l  limits the amplitude to 1 degree,  a s  seen  in F igure  3-19d. A check 
was m a d e  of this conclusion with a Four ie r  analysis  of the disturbing torque 
and the response  of a second-order  sys t em to the pertinent harmonics ,  which 
w e r e  1 .67 ,  3 .34,  and 5.01 cps .  An investigation is now in p r o g r e s s  to 
de t e rmine  whether this much damping can be obtained in  a prac t ica l  m a n n e r .  
Both eddy cu r ren t  and fluid damper  mechanisms a r e  under consideration. 

F o r  the l a t t e r  ca se ,  addition of damping equivalent to 0 .  1 of 

T h e r e  appea r s  to be no heat  t ransfer  problem involved with the 

The je t  fuel injector block need only be about 0 .  2 pound to 
rotating j e t  mechanism,  although i t  i s  attached to the s t ruc ture  only a t  the 
pivot point. 
a b s o r b  enough heat  to prevent the fuel in  the tubes f r o m  reaching unsafe 
t empera tu res .  S t r e s s e s  in the propellant tubing will be maintained well 
below the maximum allowable to preclude fai lure  of the tubing caused  by the 
osci l la t ion of the mechanism.  The duty cycle for  the axial  jet is wel l  under  
that of the radial  j e t .  
the r ad ia l  j e t  will be operated some  150, 000 t imes .  

L e s s  than 1000 turn-ons will be necessa ry ,  whereas  

E f f o r t  during this period has  been confined to a m o r e  detailed evalu- 
ation of the two spin-speed control devices under consideration. 
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During the next r e p o r t  per iod,  a selection and detailed design of the 
spin- speed control mechanisms will be per formed,  Environmental  conditions 
should be available to allow a n  init ial  evaluation of the sun  s e n s o r s  and t i m e r s  
being developed fo r  Syncom I for  use  on Syncom 11. Analysis of the or ien ta-  
tion maneuver  will continue. 

APOGEE MOTOR LIAISON 

P e r  forniance specifications were  completed for  a solid- p r  opellant 
apogee injection rocket mo to r .  
mitted to  Goddard fo r  review and use in  NASA procurement  of a solid- 
propellant mo to r  development p rogram.  
performance and physical requi rements  f o r  the motor  is given i n  AppendixB. 

The apogee motor  specification was sub-  

A synopsis of the specification 

NOMINAL JET 
CENTRIFUGAL I POSITION DUE 

FORCE 

~ ~ ~ ~~~ 

S P I N  RATE DECREASE I SPIN RATE INCREASE 

Figure  3-18. Effect of Jet Oscil lations on Posi t ion 
Where Jet is Opera ted  



T 0.5 11 
0 

e o  

- - I  

a)  Step response to 
undamped s y s t e m  

I 'O I 
0.5 0 tlIaEU3 
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-I 

b) Pul se  response of undamped 
s y s t e m  f o r  frequency 
3 . 5  x spin ra te  

I 
0'5 0 nn-nn 

i 

8 0  

- - I  

c )  P c l s e  response of -damped 
s y s t e m  f o r  frequency 
3 .  0 x spin r a t e  

T = DISTURBANCE TORQUE APPLIED TO JET, INCHES-POUNDS 

8 = ANGULAR POSiTlON OF JET FROM NOMINAL 

I 

0 

-I 

Same as c )  with exception 
that  damping i s  0. 10 of 
c ri ti c a1 

F igu re  3 - 1 9 .  Analog Computer Resul ts  of Effects of 
Various P rope r t i e s  on Rotating Jet 0-jmarriic Response 
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4 .  ALTERNATE CONFIGURATION 

SYSTEM STUDIES 

-4 study is  being conducted to evaluate the feasibil i ty of a liquid- 
propel lant  apogee engine fo r  Syncom II. 
published in  November.  
1) a comparat ive analysis  of solid and liquid sys t ems ,  2) study of space-  
c raf t  dynamics with the l a rge  volume of liquid propellants requi red ,  and 
3 )  a survey  of the availability and cost  of suitable l iquid-propellant engines.  

The r epor t  of this study will be 
The re  a r e  three pr incipal  p a r t s  to  the study: 

The f i r s t  portion of the study w i l l  consider  such fac tors  a s :  com-  
bining tanks f o r  engine and station-keeping sys tem;  per formance  in  t e r m s  
of injection e r r o r s  and subsequent cost of cor rec t ion  to des i r ed  orbi t ;  and 
flexibility in  such  areas as off-loading, s ta t ic  tes t ing,  e t c .  

The second p a r t  of the study consis ts  i n  formulating a simplified 
fuel sloshing model  t o  pred ic t  the spin stabil i ty behavior of two gener ic  
l iquid-propellant apogee engine tank configurations: toroidal  tank, the axis 
of which is along the spin axis of the spacecraf t ;  and spheroidal  o r  cylindri-  
ca l  (with spher ica l  end-cap) tanks spaced circumferent ia l ly  a t  a given radius  
f r o m  the  spin axis. 
boost per iod  of the third s tage .  

Emphas is  will be placed on spin behavior during the 

The th i rd  pa r t  includes consideration of possible engine configura- 
tions which a r e  compatible with Syncom 11. Included will be p e r b r m a n c e ,  
s i ze  and weight, cost ,  and availability. Engines f r o m  the following manu- 
f a c t u r e r s  a r e  considered: 1) United Technology Corporation, 2) Marquardt ,  
3 )  Bell  Aerosys t ems ,  and 4) Rocketdyne. 

A final sect ion of the r e p o r t  w i l l  consider  tradeoffs between liquid- 
Recommendations 

A weight r epor t  
propel lant  motor  s and solid-propellant apogee engines.  
will  be made  including a possible configuration select ion.  
of the se lec ted  configuration will be included. 
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STRUCTURAL DESIGN 

The layout f o r  the a l t e rna te  configuration of the combined l iquid- 
propel lant  apogee engine and ve rn ie r  control  s y s t e m  with toroidal  tanks 
has  been completed (F igu re  4 - 1 ) .  

The tankage cons is t s  of t h ree  toroidal  tanks (fuel, oxidizer ,  and  
ni t rogen)  f o r  the apogee motor  and two redundant v e r n i e r  control  s y s t e m s .  

The s t r u c t u r e  cons is t s  of two subassembi i e s :  f o r w a r d  and af t .  The 
aft subassembly cons is t s  of a cone-shaped th rus t  tube made  of a luminum 
shee t ,  aluminum machined r ings ,  and eight a luminum s t i f f ene r s  which a r e  
riveted inside the cone. 
by eight radial  magnes ium af t  r i b s  a t tached a t  the per iphery  of the t h r u s t  
tube.  
packages . 

A flat  magnes ium shee t  (af t  bulkhead) is suppor ted  

These r i b s  c a r r y  the weight of the th ree  toroidal  tanks and e lec t ronic  

The forward  subassembly  cons is t s  of the inner  magnes ium r ing ,  
forward  magnesium bulkhead, and eight magnes ium fo rward  r i b s .  The 
forward  bulkhead i s  supported by eight r ad ia l  r i b s  a t tached a t  the pe r iphe ry  
of the inner cyl inder .  

The outer  cylinder is segmented into eight p a r t s  and at tached to  the 
af t  r i b s ,  longerons,  and forward  r i b s .  The segmented cylinder and the 
eight longerons a r e  removable  to provide a c c e s s  to the e lec t ronic  packages .  

A concentric pa i r  of r ings  is welded to the oxidizer  tank, and 
another  pair  
bulkhead and aft r i b s .  
of the oxidizer tank in  a similar pa i r  of r i ngs .  

to the ni t rogen tank. These  r ings  a r e  a t tached to the a f t  
The fuel tank i s  can t i levered  f r o m  the fo rward  end 

The design re ta ins  the s a m e  s o l a r  panels ,  v e r n i e r  control  j e t s ,  and  
sun s e n s o r s  as  the configuration using a sol id-propel lant  sphe r i ca l  apogee 
injection motor .  
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5. N E W  TECHNOLOGY 

T h e r e  w e r e  no i t ems  of new technology reported during the repor t  
per iod.  

5- 1 



6.  PROJECT REFERENCE REPORTS 

V . H .  Ho, "Tr ip  Report" - Visit  to Ball Bro thers  R e s e a r c h  
Corporation, Boulder,  Colorado, dated 15 October 1962. 

D. S. B r a v e r m a n  and D. D. W i l l i a m s ,  "Single-Sideband to P h a s e  
Modulation Multiple Access  Communication Sys tem Analysis,  
TM721, October 1962. 

" P r e l i m i n a r y  Pe r fo rmance  Specification, Syncom I1 Apogee 
Rocket Motor, I '  17 October 1962. 

"Specification No. X- 254044, P e r f o r m a n c e  Specification, 
Syncom I1 Bipropellant Reaction Control System, 'I 
23 October 1962. 

6- 1 



I 

I 
I 

I 1 

I 
I 
I 
I 

I 
I 
i 

I 

I *  
, 

I 
I 
I 

I 

I 

I 

I 

I 

TABLE A- 1. PERFORMANCE REQUIREMENTS SUMMARY 

P a r a m e t e r  

Total impulse p e r  s y s t e m  
(two units)  

F o r  velocity cor rec t ion  
and orientation 

F o r  spin r a t e  control 

Thrus t  

Maximum 

Minimum, a t  one-half 
init ial  charge  p r e s s u r e  

Response  t ime,  maximum 
(0 to 95 percent  thrust)  

Decay t ime,  maximum 
(full th rus t  to 5 percent  
t h rus t )  

Effective specific impulse, 
(80 percent  continuous, 
20 percent  pulsing) 

Pu l se  mode operation a t  
a nominal  100 r p m  

T i m e  ON 

T i m e  OFF 

Rating 

That requi red  to provide a 
total  AV = 2300 fps to a n  
init ial  spacecraf t  g r o s s  
weight of 575 pounds, i n -  
cluding the weight of fully 
loaded s y s t e m  

600 lbf -sec  

5 pounds 

3 pounds 

1 2  mill iseconds 

1 2  milliseconds 

10 0 mill iseconds 

500 mill iseconds 

T h r e e  
Standard 
Deviation 

Limit 
~ 

*1 percent  

*1 percent  

A- 2 



APPENDIX A .  SYNOPSIS O F  PERFORMANCE SPECIFICATION O F  
SYNCOM I1 BIPROPELLANT REACTION CONTROL SYSTEM 

PERFORMANCE CHARACTERISTICS 

The specified per formance  c h a r a c t e r i s t i c s  of the react ion control 
sys t em a r e  based on s e a  l eve l  as  well as  vacuum operating conditions. 

I ts  operating r eg imes  involve alt i tudes and  t empera tu res ,  spin 
conditions, spin r a t e  control,  per formance  and rating l i m i t s ,  and total  
impulse.  
s t a r t  t ime and start  impulse.  
down t ime,  shutdown impulse,  effective specific impulse,  continuous 
operation, pulsed operation, and pulsed repeatabil i ty.  

I ts  s t a r t  charac te r i s t ics  requi rements  include the p a r a m e t e r s  of 
Shutdown c h a r a c t e r i s t i c s  specified a r e  shut-  

The miss ion  operating sequence of the control  s y s t e m  is: 1) the 
sys tem is "armed"  when the tanks a r e  loaded with propellant,  p r e s s u r i z e d  
with g a s ,  and the propellant shutoff valves  a r e  opened; 2) actuation of the 
thrust  chamber is  accomplished by a command signal f r o m  ground control  
equipment; 3 )  continuous o r  cyclic pulsed operat ion of the t h r u s t  chamber  
is  accomplished by e i ther  a continuous o r  cyclic pulsed command signal 
for  the des i red  per iod of t ime;  4)  cessat ion of e l ec t r i ca l  power to the p r o -  
pellant on-off valves will r e su l t  in c losu re  of the valves and shutdown of the 
thrust  chambers ;  and 5) when the above sequence is completed,  the s y s t e m  
will remain  in  a p re s su r i zed  and ready  s t a t e ,  and will be capable of many 
r e s t a r t s  and operation a t  any t ime during a 5 -yea r  orb i ta l  per iod.  

The per formance  requi rements  a r e  summar ized  in Table A -  1 

PHYSICAL CHARACTERISTICS 

In br ief ,  the physical c h a r a c t e r i s t i c s  of the s y s t e m  contained i n  
this specification fo r  the two bipropellant reac t ion  control units a r e :  two 
spherical  fue l /p re s su ran t  tanks 180 d e g r e e s  a p a r t ;  two spher ica l  ox id izer /  
p re s su ran t  tanks 180 degrees  a p a r t ;  one th rus t  chamber  thrusting p a r a l l e l  
to the vehicle spin axis ;  one th rus t  chamber  thrust ing no rma l  to the spin 
ax is ,  with the th rus t  centerline passing through the vehicles  center  of 
g r a v i t  y ; a s s o c i a t e d m a n  i f o 1 ding ; and i n  s t r u m  en  t ;A t i o n s ui  t a b 1 e f o r m oni t o r i ng 
propellant sys tem p r e s s u r e s ,  propellant flow r a t e s ,  and  t e m p e r a t u r e s .  

A -  1 
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Weight requirements  within the specification a r e  those a r e a s  of dry  
hardware ,  f luids,  and p res su ran t  g a s .  

The second unit will be a s sembled  into the spacecraf t  so  that the 
thrus t  c h a m b e r s  a r e  located 180 degrees  f r o m  those of the f i r s t  unit. 

The center  of gravity of the dry react ion control s y s t e m  and the 
fully loaded s y s t e m  a r e  specified.  
a r e  s ta ted.  
one of which is the spin ax i s .  The remaining two axes  will l ie  in a plane 
which p a s s e s  through the centers  of the propellant tanks and is n o r m a l  to 
the spin ax i s .  
men t  a r e  noted in F igure  A - 1 .  

The moments -of - iner t ia  requi rements  
These  will be de te rmined  with r e spec t  to  th ree  orthogonal a x e s ,  

Specifications for  the envelope dimensions and thrus t  align- 

The s y s t e m  envelope is composed of two units:  the concentric cylin- 
de r  i s  56 inches outside diamet-er by 30 inches inside diameter  by 13 inches 
long; the propellant tank diameter  (maximum) i s  1 2  inches.  
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APPENDIX B. SYNOPSIS O F  PRELIMINARY PERFORMANCE 
SPECIFICATION OF SYNCOM I1 APOGEE ROCKET MOTOR 

PERFORMANCE CHARACTERISTICS 

The rocket  motor  per formance  c h a r a c t e r i s t i c s  a r e  based on sea l eve l  
and vacuum operating conditions and intermediate  altitude tes t  conditions. 
Genera l  operating reg ime requirements  include the p a r a m e t e r s  of alt i tude 
and t empera tu re ,  t empera ture  exposure,  t he rma l  gradient conditions, at t i-  
tudes,  spin conditions, total  impulse,  t h r u s t ,  action t ime ,  ignition t ime ,  
and chamber  p r e s s u r e .  

PHYSICAL REQUIREMENTS 

The max imum weight of the assembled  rocket  motor  and all com-  
ponents should not exceed 860 pounds; envelope dimensions a r e  those p r e -  
viously defined by Hughes. The center of gravity of the empty and loaded 
moto r s  will be aligned with the spin axis  of the moto r .  ?'he angle between 
the center l ine of t h rus t  and the spin axis has  previously been acceptably 
delineated by Hughes. 
inch during moto r  burning ( this  will be demonstrated before and  a f t e r  firing 
determinat ion of t h rus t  center l ine location).  

Thrus t  centerline excursion will not exceed 0 .010  

All  del ivered moto r s  will be statically and dynamically balanced 
about the spin ax i s .  
oz- in .  
and the spin r a t e  will be a minimum of 150 r p m .  

Static unbalance before  loading will be l e s s  than 4. 6 
Dynamic unbalance of loaded moto r s  will be l e s s  than 138 o z - i n . ,  

The moments  of iner t ia  a re  specified about t h r e e  orthogonal a x e s  
through the center  of gravi ty ,  one paral le l  to the at tachment  axis. 

The i n e r t  rocket motor  and components a r e  specified. Changes to  
l i v e  rocke t  motor  fea tures  affecting spacecraf t  o r  spacecraf t  installation 
wi l l  be incorporated in the i n e r t  rocket mo to r .  

F o r  resonant  frequency requi rements ,  the fundamental longitudinal 
f requency of the rocket motor  wi l l  not exceed 200 cps  a t  the motor  a t t ach -  
ment  f i t t ings.  Igniter resonance requirements  a r e  a l s o  delineated. 
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The rocket motor  requi rements  a r e  summar ized  in Table B-  I .  The 
maximum space envelope and mating provisions a r e  shown in F igure  B-  I .  

TABLE B- I .  ROCKET MOTOR REQUIREMENTS SUMMARY 

P a r  a m e  te r 

Total Impulse 
a t  vacuum 

Fully loaded 

I Maximum off 

Thrus t ,  maximum,  
a t  1 0 0 ° F  a t  vacuum 

Ignition t ime ,  
maximum 

Action t ime,  
maximum 

Weight, maximum, 
fully loaded 

Vacuum specific 
impulse,  minimum 

Rating 

That requi red  to provide 
a AV = 6009 f t l s e c  to  a 
vehicle weight of 650 
pounds, exclusive of apo- 
gee moto r  

That requi red  to provide 
a AV = 6009 f t l s e c  to a 
vehicle weight of 500 
pounds, exclusive of apo- 
gee motor  

9500 pounds 

0 .  125 second 

30 seconds 

860 seconds 

285 lbf -  s ec / lbm 

Three  Standard 
Deviation Limi t  

* 1 percent  of 
nominal value 

* 1 percent  of 
nominal value 

f 0.050 second of 
any t empera tu re  

B- 2 



n 
3 
k 

mh 
1 0 

k 
0 

K 

0 
2 

=J2 
= W  
z a  
I W  

az X >  

\ 

Y 
/ I 

M 

iz 


